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7KH IHUPLRQ HOHFWURPDJQHWLF PDVV KDV EHHQ HYDOXDWHG LQ GLPHQVLRQDO HOHFWURG\QDPLFV LQ WKH ILUVW
QRQYDQLVKLQJRUGHURI 1 DSSUR[LPDWLRQ1 LVWKHQXPEHURIWKHIHUPLRQVLQWKHPRGHO,WLVHVWDEOLVKHGWKDWLI
RQHSURFHHGVIURPWKHVHOIHQHUJ\LQWHJUDOLQ 4('LQ WKHDSSUR[LPDWLRQXQGHUFRQVLGHUDWLRQIRUWKHPHQWLRQHGDERYH
PDVV RQH FDQ REWDLQ WKH TXDQWXP UHVXOW IRU WKH IHUPLRQ HOHFWURPDJQHWLF PDVV DV ZHOO WKH FODVVLFDO RQH7KH
HOHFWURPDJQHWLF PDVV RI WKH SDUWLFOH KDV WKH TXDQWXP RULJLQ LI LWV &RPSWRQ ZDYHOHQJWK VDWLVILHV WKH FRQGLWLRQ
DF !!O D LVWKHVFDOHSDUDPHWHUVRIWKHPRGHOZKLFKDUHWKHHOHPHQWDU\ OHQJWK U DQG D  1H D 

H LV WKH GLPHQVLRQDO FRXSOLQJ FRQVWDQW LQ 4(' WKH SDUWLFOH HOHFWURPDJQHWLF PDVV KDV WKH FODVVLFDO RULJLQ LI
DF O 7KHREWDLQHGUHVXOWVDUHGLVFXVVHG

7KHSUREOHPRIDSDUWLFOHVHOI HQHUJ\LVRQHRIXQVROYHGSUREOHPVERWKLQ
FODVVLFDODQGLQTXDQWXPSK\VLFVKLWKHUWR,QSDUWLFXODULWZDVFRQVLGHUHGIRUDORQJ
WLPHWKDWLQWKHHOHFWURG\QDPLFVERWKWKHFODVVLFDODQGTXDQWXPVHOIHQHUJ\KDYHD
GLIIHUHQWRULJLQ>@,WZDVDOVRHVWLPDWHGWKDWWKHFODVVLFDODSSURDFKWRWKLVSUREOHPLV
PHDQLQJOHVVVLQFHWKHUHVXOWREWDLQHGRQWKHEDVHRIWKHFODVVLFDODSSURDFKLVQRWD
OLPLWLQJFDVHRIWKHTXDQWXPRQH$VWKHHOHFWULFDOUDGLXVRIWKHHOHFWURQVDWLVILHVWKH
XQHTXDOLW\ F_eU O  FO LVWKH&RPSWRQZDYHOHQJKRIWKHHOHFWURQWKHTXDQWXP
HIIHFWVFRQQHFWHGZLWKWKHSDUWLFOHLQWHUDFWLRQZLWKLWVRZQILHOGDUHIHOWDWPXFK
ODUJHUGLVWDQFHVWKDQFODVVLFDORQHVZKDWDWWKHILUVWVLJKWPDNHVXQH[SHGLHQWWKH
FODVVLFDODSSURDFKWRWKHSUREOHPPHQWLRQHGDERYH
,QZRUNV>@WKHFODVVLFDODSSURDFKWRWKHSUREOHPRIWKHIHUPLRQPDVVRULJLQ
KDVEHHQSDUWLDOO\UHDELOLWDWHG,QSDUWLFXODULWZDVVKRZQWKDWLQ4('  VRPH
DSSUR[LPDWLRQVDOORZWRREWDLQIURPWKHIHUPLRQVHOI HQHUJ\TXDQWXPLQWHJUDOERWK
WKHFODVVLFDODQGTXDQWXPH[SUHVVLRQVIRUWKHHOHFWURPDJQHWLFIHUPLRQPDVV+HUHDW
WKHXQHTXDOLW\ UF !!O FRUUHVSRQGVWRWKHTXDQWXPDV\PSWRWLFRIWKHGHQRWHG
LQWHJUDO PG a OQ U  WKHQWRWKHFODVVLFDODV\PSWRWLF PG a  U  FRUUHVSRQGVWKH
XQHTXDOLW\ UF O ZKHUHU LVWKHHOHPHQWDU\OHQJWK
7KLVZRUNLVGHYRWHGWRWKHHYDOXDWLRQRIWKHIHUPLRQPDVVLQ WKUHH
GLPHQVLRQDOHOHFWURG\QDPLFV4('DQGWRLQYHVWLJDWLRQRIFRQQHFWLRQEHWZHHQWKH
IHUPLRQPDVVREWDLQHGE\WKHFODVVLFDODQGTXDQWXPDSSURDFKHV7KHUHDUHVRPH
SDUWLFXODULWLHVKHUHLQFRPSDULVRQZLWKWKHIRXUGLPHQVLRQVFDVH)LUVWO\WKHUHLVWKH
GLPHQVLRQDOFRXSOLQJFRQVWDQW H WKDWLQWURGXFHVWKHDGGLWLRQDOVFDOHRIGLVWDQFHV
6HFRQGO\LIRQHHYDOXDWHVIHUPLRQVHOIHQHUJ\E\WKHFODVVLFDOPHWKRGWKH
FRUUHVSRQGLQJLQWHJUDOXSRQPRPHQWDGLYHUJHVERWKDWWKHORZHUDQGDWWKHXSSHU
ERXQGV7KHGLYHUJHQFHDWWKHXSSHUERXQGPD\EHUHPRYHGE\WKHRUGLQDU\
LQWURGXFLQJRIFXWRIIPRPHQWXP  UN  PD[ DVWRWKHGLYHUJHQFHDWWKHORZHUERXQG
LQWKHFDVHXQGHUFRQVLGHUDWLRQLIRQHGRHVQRWLQWURGXFHWKHSKRWRQPDVVLWLV
QHFHVVDU\WRXVHLQIUDUHGFXWRIIWRZKLFKLWLVGLIILFXOWWRDVFULEHDQ\VDWLVIDFWRU\
SK\VLFDOPHDQLQJ,QRWKHUZRUGVWKHFRPSOHWHO\FODVVLFDOVROYLQJRIWKH
LQFRQYLHQFLHVPHQWLRQHGDERYHGRHVQRWH[LVW2QHRIWKHZD\VWRRYHUFRPLQJWKH
SUREOHPV HQFRXQWLQJKHUHLVVKRZQLQ>@ZKHQRQHHYDOXDWHVWKHSRLQWVRXUFH
HQHUJ\E\FODVVLFDOPDQQHURQHKDVWRGHDOZLWKWKHILHOGSRWHQWLDOWDNLQJLQWR
DFFRXQWYDFXXPSRODUL]DWLRQ7KHOLPLWLQJE\WKHILUVWQRQYDQLVKLQJWHUPRIWKH 1 
H[SDQVLRQRIWKHSRODUL]DWLRQRSHUDWRU1LVDIHUPLRQQXPEHULQWKHPRGHODOORZVWR
DYRLGWKHGLYHUJHQFHLQWKHFODVVLFDOH[SUHVVLRQIRUWKHVHOIHQHUJ\DWWKHVPDOO
PRPHQWDLIWKHG\QDPLFDOIHUPLRQVPDVVHVDUHHTXDOWR]HUR,QWKLVFDVHWKH
VFUHHQLQJRIWKHSRLQWFKDUJHILHOGWDNHVSOD FHDWWKHGLVWDQFHV D!!U ZKHUH
1H D 
)LUVWWKHDWWHQWLRQRIWKHLPSRUWDQFHRIWKHG\QDPLFDOIHUPLRQVPDVVHVSUHVHQFH
IRUDV\PSWRWLFDOEHKDYLRXURIWKHSRLQWFKDUJHILHOGSRWHQWLDOKDVEHHQWXUQHGWRLQ
WKHZRUNV>@WKLVSUREOHPKDVEHHQGLVFXVVHGLQGHWDLOLQ>@DVZHOO7KH
SK\VLFDOPHDQLQJRIWKHSRLQWFKDUJHILHOGVFUHHQLQJLIWKHG\QDPLFDOIHUPLRQV
PDVVHVDUHHTXDOWR]HURPD\EHEULHIO\H[SODLQHGLQVXFKDZD\,QFDVHRIWKH
PDVVOHVVG\QDPLFDLIHUPLRQVWKHSKRWRQSURSDJDWRUWDNHQZLWKSUHVHUYLQJRQO\WKH
ILUVWQRQYDQLVKLQJWHUPRI1  H[SDQVLRQKDVQRSKRWRQSROHDWN  DWWKLVSRLQW
WKHSKRWRQSURSDJDWRUKDVDEUDQFKDQGLQWKHVSDFHOLNHPRPHQWDGRPDLQLWKDVWKH
SROHDW    D N 7KHQWKHVLQJOH SKRWRQLFVWDWHZLWK   N LVXQVWDEOHLQJLYHQ
PRGHOWKDWYLRODWHVWKHFRQILQHPHQWDQGOHDGVWRWKHVFUHHQLQJRIWKHSRLQWFKDUJH
ILHOGLQ4('
(YDOXDWLQJWKHIHUPLRQG\QDPLFDOPDVVZHVKDOOVWDUWIURP WKHVHOIHQHUJ\
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ZKHUH * LVWKHIXOOIHUPLRQSURSDJDWRU PQ' LVWKHSKRWRQSURSDJDWRUDQG Q* LVWKH
IXOOYHUWH[
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KHUH P LV WKHEDUH IHUPLRQPDVV  N'O LVDQDUELWUDU\ IXFWLRQZKLFK IL[HV WKH
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ZHHPSKDVL]HWKDWLI1 ² H[SDQVLRQ LVXVHG. LVFRQVLGHUHG DVDFRQVWDQWDQG 1
LVFRQVLGHUHGDVWKHVPDOOQHVVSDUDPHWHU
)RUWKHIHUPLRQSK\VLFDOPDVV PPP G  DQGZKHQRQHILQGVWKHH[SUHVVLRQ
IRUWKHHOHFWURPDJQHWLFPDVVDWWKHILUVWQRQYDQLVKLQJRUGHUXSRQ1 ZHQHJOHFWWKH
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7KHWUDQVIHUWRHXFOLGHYDULDEOHV   NLNNNH co& DQGWKHIROORZLQJLQWHJUDWLRQXSRQ
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)RU IXUWKHU FDOFXODWLRQV LW LV QHFHVVDU\ WR FRQFUHWL]H WKH IRUP RI WKH IXQFWLRQ
  HO N' ,WLVLPSRVVLEOHWRWDNHLWLQWKHXVXDOIRUP     HHO LNN'  VLQFHWKLVOHDGV
WR WKHGLYHUJHQFHRI WKH LQWHJUDODW LWV ORZHUERXQG  HN 7DNLQJWKHH[SUHVVLRQ
IRUWKHJDXJHIXQFWLRQ   HO N' ZKLFKDULVHVDW oHN PRUHVORZO\WKDQ  HN ZH
VKDOOJHWIRUWKHHOHFWURPDJQHWLFPDVV
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)XUWKHUZHVKDOOKDYHLQWHUHVWLQWKHEHKDYLRXURIWKHNHUQHO  X0 DW !!X
DQG X ,WLVSRVVLEOHWRFKRRVHWKHIXQFWLRQ  O' LQVXFKDPDQQHUWKDWLWZLOOQRW
LQIOXHQFHRQWKHEHKDYLRXURIWKHNHUQHO  X0 LQWKHGHQRWHGGRPDLQVRIWKHYDULDEOH
X 7KH JDXJHV LQ ZKLFK WKH IXQFWLRQV  O' KDYH GHQRWHG SURSHUWLHV ZH VKDOO FDOO
IXUWKHU E\ WKH JHQHUDOL]HG /DQGDX JDXJHV H[DPSOHV RI VXFK JDXJHV DUH JLYHQ LQ
>@
 /HW WKH &RPSWRQ ZDYHOHQJWK VXUSDVVHV WKH PRGHO FKDUDFWHULVWLF
SDUDPHWHUVLH UF !!O  DO !!F DQGIURPWKHVHQVHRIWKRVHVFDOHVLWIROORZVWKDW
D U  ,I RQH DFWV LQ WKH IUDPHZRUN RI JHQHUDOL]HG /DQGDX JDXJHV WKH PDLQ
FRQWULEXWLRQ WR WKHLQWHJUDO  LVJLYHQE\ WKHGRPDLQ PX  D  ,Q WKLVFDVHZH
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,WLVWKHTXDQWXPUHVXOWIRUWKHHOHFWURPDJQHWLFIHUPLRQPDVVDWWKHILUVWQRQYDQLVKLQJ
RUGHURIWKLVTXDQWLW\H[SDQVLRQLQWRWKHSDUDPHWHU1ZHUHPDUNWKDWLQGLVWLQFWLRQ
IURP4(' KHUHLVREWDLQHGWKHFRQYHUJHQFHUHVXOWIRUWKHHOHFWURPDJQHWLFPDVV
1RZZHVKDOOFRQVLGHU WKHFDVH UF O  DO F  ,Q WKLVFDVH WKH
LQWHJUDWLRQLQ  LVSHUIRUPHGXSRQWKHGRPDLQ     PUX 8VLQJJHQHUDOL]HG
/DQGDXJDXJHZHREWDLQ
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,I PP G WKLVUHVXOWZDVREWDLQHGIURPWKHFODVVLFDOH[SUHVVLRQIRUWKHIHUPLRQVHOI
PDVV >@ ,Q WKHTXDQWXPFDVH LI WKHIHUPLRQPDVV LVFRPSOHWHO\HOHFWURPDJQHWLF
ZHKDYH
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7KHFRQGLWLRQV DP LQWKHTXDQWXPFDVHDQG D!!P LQWKHFODVVLFDO
RQH DUH IXOILOOHG ZLWK DFFXUDF\ ZKLFK LV KLJK HQRXJK ,Q WKH TXDQWXP FDVH ZKHQ
PP G LWLVQHFHVVDU\WRWDNHIRU 1 WKHYDOXH y|F1 >@DQGWKHPDVVKDV
DQ H[SRQHQWLDO FKDUDFWHU RI VPDOOQHVV XSRQ 1  :LWK DFFXUDF\ WR WKH QXPHUDO
PXOWLSOLHUDW WKHH[SRQHQWLQGH[DW/DQGDXJDXJHWKLVUHVXOWZDVREWDLQHGLQ>@$
VPDOO GLIIHUHQFHEHWZHHQRXUUHVXOWDQGWKDWJLYHQLQ>@LVFRQQHFWHGZLWKWKDWLQWKLV
ZRUN DUH SUHVHUYHG QRW DOO WHUPV RI WKH VDPH RUGHU XSRQ X JLYLQJ WKH PDLQ
FRQWULEXWLRQWRWKHLQWHJUDOLQWKHGRPDLQ PX 
D LIWKHNHUQHO H[SDQVLRQLQWR
SRZHU VHULHV XSRQ  X LV FDUULHG RXW $V IRU WKH FODVVLFDO UHVXOW WKH FRQGLWLRQ
D!!P IXOILOV LI WKH XQHTXDOLW\    OQ  !!UD VDWLVILHV WKDW LV WKHPRUH VWURQJ
UHVWULFWLRQWKDQ      !!UD 
7KXVLIRQHSURFHHGVIURPWKHH[SUHVVLRQIRUWKHIHUPLRQVHOIHQHUJ\LQ
4(' DWWKHILUVWQRQYDQLVKLQJRUGHURI1 DSSUR[LPDWLRQLWLVSRVVLEOHWRREWDLQ
WKHTXDQWXPUHVXOWDVZHOOWKHFODVVLFDORQHD7KHFRQGLWLRQ DF !!O
FRUUHVSRQGVWRWKHTXDQWXPFDVHZKLOVWWKHFRQGLWLRQ DF O FRUUHVSRQGVWRWKH
FODVVLFDORQHD  GHQRWHVWKHFKDUDFWHULVWLFSDUDPHWHUVRIWKHPRGHOLQ4('  WKH\DUH
U DQG .,WLVLPSRVVLEOHWRFRQVLGHUWKHODVWFDVHDVDFRPSOHWHO\FOD VVLFDORQH
EHFDXVHWKHFODVVLFDOH[SUHVVLRQIRUWKHHOHFWURPDJQHWLFHQHUJ\RQWKHSODQH
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XVHV WKH VRXUFH VWUHQJWKYDOXH LQYROYLQJ WKHYDFXXPSRODUL]DWLRQ HIIHFWV DV LWZDV
QRWLFHGLQS
7KHIROORZLQJIHDWXUHVRIWKHREWDLQHGUHVXOWVVKRXOGEHHPSKDVL]HG
 7KHFODVVLFDOH[SUHVVLRQIRUWKHSDUWLFOHHOHFWURPDJQHWLFPDVVLQRXUFDVHKDV
KLJKHUGHJUHHRIVLQJXODULW\LIUo WKDQWKHTXDQWXPRQH6XFK DVLWXDWLRQWDNHV
SODFHDWWKHILUVWQRQYDQLVKLQJRUGHURIWKHSHUWXUEDWLRQWKHRU\LQ4(' 
 7KHIHUPLRQHOHFWURPDJQHWLFPDVVHYDOXDWHGLQ>@IURPWKHFODVVLFDOH[SUHVVLRQ
 FRLQFLGHVZLWKDDQGGRHVQRWGHSHQGRQJDXJH0HDQZKLOHLIRQHXVHV
WKHVHOIHQHUJ\LQWHJUDODVLWIROORZVIURPWKHGLVFXVVLRQJLYHQDWSRIRXUZRUN
WKHH[SUHVVLRQREWDLQHGE\XVLQJRIWKLVLQWHJUDOFRLQFLGHVZLWKWKHFODVVLFDORQHDW
GHILQLWHJDXJHRQO\,QRWKHUZRUGVLQWKHTXDQWXPFDVHWKHIHUPLRQ
HOHFWURPDJQHWLFPDVVGHSHQGVRQJDXJHWKDWIURPRXUSRLQWRIYLHZLVQRWDVHULRXV
SUREOHPVLQFHWKLVTXDQWLW\LVQRWREVHUYHGLQWKHH[SHULPHQW7KHPRUHHVVHQWLDO
UHPDUNFRQFHUQVWKHIXOOPDVV7KHGHSHQGHQFHRIWKLVTXDQWLW\RQJDXJHLQRXUFDVH
E\WKHTXDQWXPDSSURDFKLVSRVVLEOHWRH[SODLQE\WKHVKRUWDJHRIDSSUR[LPDWLRQ
5HDOO\WKHG\QDPLFDOPDVVRIWKHIHUPLRQDULVHVLQFRQVHTXHQFHRIWKHFKLUDO
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